Aonchotheca annulosa and Eucoleus bacillatus are two capillariin nematodes parasitizing the intestinal and stomach mucosa, respectively, of various rodent species, and two, among others, component species of the helminth fauna of the wood mouse, Apodemus sylvaticus. A capillariin each was found in the liver parenchyma of two wood mice in a post-fire regeneration enclave in Serra Calderona Natural Park (Valencian Community, Spain). Due to their location, the preliminary identification of the helminths corresponded to Calodium hepaticum, a hepatic capillariin with rodents as its main host. So far, this species had never been found in Serra Calderona. To verify the preliminary identification, a comparative morphometric study between the specimens from Serra Calderona and a preserved individual of C. hepaticum from another enclave was carried out. Morphometric analysis revealed that the adult helminth as well as the eggs found in the liver of the first mouse belonged to A. annulosa, whereas the second one was identified as a male E. bacillatus. Moreover, the liver from both hosts showed a visible pathology, being the consequence of aberrant migration of the parasites. This is the first evidence that A. annulosa and E. bacillatus may migrate erratically and thus produce ectopic foci in other organs.
Introduction
The subfamily Capillariinae currently comprises a large group of nematodes including at least 16 genera and more than 300 species (Moravec et al. 1987; Gibbons 2010) . Capillariins are nematodes parasitizing a great variety of organs of hosts belonging to all classes of vertebrates. Some of these species may cause diseases, which can produce serious and grave damage, even the death of their hosts.
The wood mouse, Apodemus sylvaticus, is a very common murid rodent in Europe, Asia and North Africa, being the most widespread sylvan small mammal in the Iberian Peninsula (Torre et al. 2002) . This rodent is the normal host of numerous species of capillariin nematodes; two of which, namely Aonchotheca annulosa and Eucoleus bacillatus, were found as component species of A. sylvaticus in Serra Calderona Natural Park, a Mediterranean ecosystem in post-fire regeneration where the helminth community of the wood mouse has been widely studied (Fuentes et al. 2000 (Fuentes et al. , 2007 (Fuentes et al. , 2010 .
A. annulosa is a frequent intestinal capillariin in various species of rodents (Moravec and Baruŝ 1991; Feliu et al. 1997) . Its life cycle, which has not been completely elucidated, seems to be diheteroxenous, involving a non-arthropod invertebrate, probably an earthworm, as intermediate host (Anderson 2000) . The definitive host is infected when ingesting the intermediate host harbouring infective third-stage larvae. When larvae reach the rodent, they locate in the small intestine and develop into adults, starting fecundation and *Corresponding author: mario.v.fuentes@uv.es oviposition. Eggs, still unembryonated, are discharged in faeces to the external environment, reaching, after several days, their infective capacity for the intermediate host, which will be infected after ingesting embryonated eggs. Those will hatch in the digestive tract, releasing first-stage larvae.
E. bacillatus is also a common capillariin parasite of various rodent species (Behnke et al. 1993) . The adults of this species locate intertwined deep in the stomach walls with only a small section of the female worm protruding through the mucosa to allow eggs to be shed into the gut lumen. Its life cycle is still unknown, and it is not clear whether an intermediate host is required or whether transmission of embryonated eggs can take place directly.
Moreover, the genus Calodium includes a smaller number of species parasitizing different kinds of mammalian tissues. The species Calodium hepaticum is a capillariin parasite of the liver parenchyma that uses diverse genera of rodents as its usual hosts, although carnivores and primates may also serve as hosts of this nematode (Moravec et al. 1987; Anderson 2000) . As the adult worms live in the hepatic parenchyma, eggs produced cannot be released to the environment directly and have to follow some different ways: decomposition of the host body after death; cannibalism, often found among rodents; or predation by carnivores or scavengers. Unembryonated eggs pass the intestinal tract and are expelled in faeces to the environment, where they embryonate and become infective to the subsequent host within several weeks. Given the ecological characteristics of wild rodents and their role in the food chain, control of the parasite life cycle is nearly impossible, and species of the genera Rattus and Mus must be considered as reservoirs of human hepatic calodiosis (Meerburg et al. 2009 ). In the Iberian Peninsula, this parasitosis has been reported in certain peridomestic rodents and, more rarely, in A. sylvaticus (Feliu et al. 1997) .
Herein, the detection of two capillariin specimens in the liver of two wood mice from Serra Calderona Natural Park is reported. The specific identification of the helminth will confirm one of the two proposed hypotheses: a) parasitism due to C. hepaticum; this being the first report of this capillariin in this ecosystem, thus supporting the role of the wood mouse as a reservoir of this zoonosis; b) parasitism due to a gastrointestinal capillariin, being the consequence of erratic parasitism or post-mortem migration.
Materials and Methods
The present study forms part of a multidisciplinary project of the PAF (Parasites and Fire) research team of the University of Valencia (Spain) who have been studying the role of helminths of small mammals as biological tags in post-fire regeneration in the Serra Calderona Natural Park, situated between the provinces of Castelló and València (Comunitat Valenciana, Spain), for the last two decades. This ecosystem suffered a devastating wildfire at the end of the summer of 1992 (Fuentes et al. 2007 (Fuentes et al. , 2010 .
The study of small mammals has been carried out according to the methodology proposed by Galán-Puchades et al. (1999) , using the capture-recapture method. So far, the helminth ecological study includes more than 900 individuals of the wood mouse. All helminths were collected, preserved and studied as previously described by Fuentes et al. (2000) .
This study involves two adult A. sylvaticus specimens: a sexually inactive female of 32.9 g and a pregnant female of 27.8 g. They were found dead in capture traps placed in Rebalsadors, a surveyed site of the post-fire regeneration area. The first one was trapped in the winter of 2010 (18 th post-fire year) and the second one in the spring of 2011 (19 th post-fire year). Both mice were preserved at -20ºC until helminthological analysis. Preliminary analysis, before complete dissection, revealed the remarkable appearance of inflamed livers, occupying a larger space than usual in the abdominal cavity, in both mice. The presence of a capillariin nematode embedded in each liver parenchyma was found during viscera examination, a gravid female worm in the first mouse and a male worm in the second case.
The worms were placed between slide and cover-slip using Amman's lactophenol as clearing reagent. To correctly identify the found capillariins at species level, and considering their hepatic location, a comparative morphometric study between these and another gravid female of the species C. hepaticum was carried out. The reference helminth was obtained from another wood mouse analysed in a similar study in the eastern Pyrenees (Galán-Puchades et al. 1998) .
Results
Eggs of the C. hepaticum female from the eastern Pyrenees (Fig. 1 ) were characterized as: oval, barrel-shaped, having shallow polar plugs; a double-layer shell with radiated striation and a punctiform pattern on the surface, and unembryonated; 49.0-61.6 (54.1 ± 3.1) µm long and 21.0-37.8 (29.5 ± 4.3) µm wide. Recovered fragments of the female from the hepatic parenchyma did not allow its morphological characterization. Only the diameter could be measured, being 0.112 mm. This description is consistent with those of other authors concerning this species, such as Ash and Orihel (2007) , Resendes et al. (2009) and Li et al. (2010) , among others.
The first wood mouse was parasitized by a total of 4 helminth species: 30 individuals of Syphacia stroma in the small intestine; 9 Trichuris muris in the caecum; 2 metacestodes of Taenia parva in the abdominal cavity; and 1 gravid female capillariin nematode in the hepatic parenchyma. Eggs of this capillariin (Fig. 2) were characterised as: oval, rugbyballshaped, with distinctly protruding polar plugs; two-layered egg shell with striation, and chorion with a pattern of fine longitudinal and oblique wrinkles, and unembryonated; 56.0-61.6 (57.2 ± 1.8) µm long and 22.4-25.2 (23.3 ± 1.3) µm wide. The female presented a diameter of 0.055 mm and an approximate length of 25 mm. The helminth description agrees with that reported, among others, by Roman (1951) , Moravec and Baruŝ (1991) and Moravec (2000) for the species A. annulosa.
The second mouse was also parasitized by 4 helminth species: 6 females of E. bacillatus in the stomach wall; 136 individuals of S. stroma in the small intestine; 8 T. muris in the caecum; and 1 male capillariin nematode in the hepatic parenchyma (Fig. 3) . This worm presented a diameter of 0.067 mm and an approximate length of 23 mm, although the specific identification was based on the morphology of the distal end and the spicule. The distal end was characterised by two small, posteriorly directed rounded lobes, connected by a reduced membrane, and caudal alae were absent. The spicule, which was invaginated, was slightly sclerotized and covered with dense spines. According to the literature (Moravec 2000; Gibbons 2010 ), this description corresponds to the species E. bacillatus.
Discussion
The subfamily Capillariinae is one of the most complex systematic groups due to the large number of genera included. The taxonomic positions of many species of this subfamily have been the subject of a long ranging controversy, resulting in numerous reclassifications (Moravec 1982; Anderson 2000) , mainly based on often confused morphological features, or occasionally only due to their location in the host.
However, this fact does not take into account the capacity of some parasites, particularly helminths, to stray from their usual microhabitat to ectopic locations.
Most endoparasites show a high site fidelity, which is defined as tropism. Microhabitat specificity often transcends host specificity, and although a parasite may not have reached its usual host, it will try to attach to the ontogenetic microhabitat, in the same organ or, in higher specific parasites, even at the same site within that organ (Bush et al. 2001) . However, it is not atypical for a parasite to develop to maturity in an unusual organ under such abnormal circumstances (Sukhdeo 1997) .
Even though there are no reports on erratic parasitism and consequently not on ectopic foci caused by gut capillariins in rodents, it is known that they are able to internally migrate after the death of the host. A. annulosa is an example of this phenomenon, since it is not unusual to find adult capillariins migrating to the stomach from the intestinal tract in individuals of A. sylvaticus having been dead for several hours before necropsy. In such cases accurate identification and distinction from other morphologically similar capillariins, such as E. bacillatus, are essential. In the present case, the analysed wood mice presented evident hepatomegaly, with the liver occupying almost the entire abdominal cavity. This finding is completely unusual in the anatomy of these rodents and the remarkable inflammation suggested severe hepatic damage. Unfortunately, an exhaustive histopathological study to confirm the hepatic damage could not be carried out as the visceras were not preserved after liver dissection. The nematodes, however, were recovered after careful extraction from the liver fragments. Therefore, the swollen and pale aspect, as well as the little perforations left by the capillariins in the parenchyma and on the surface of the organ, were the only signs that allowed us to conclude the evident hepatic pathology. Despite the lack of histopathological data to support the diagnosis, the pathology was possibly due to the hepatic parasitation by a capillariin, as an inflammatory response after the death of the host should be ruled out, i.e. post mortem parasitic migration could not have been the cause of this hepatic pathology; and consequently, at the moment of the death of the rodents, A. annulosa had been parasitizing the liver parenchyma of one wood mouse, while E. bacillatus had been parasitizing the liver parenchyma of the other mouse.
As far as we are aware, this is the first report of hepatic parasitosis in wood mice due to each of these nematodes, A. annulosa and E. bacillatus, respectively, which, after erratic migration, generated ectopic foci in the livers of their hosts. This finding reaffirms the importance of carrying out a correct morphological and morphometric characterization of both the adult helminths and their eggs, which are, in the case of capillariins, the key to their definitive identification. Identification at species level based only on the microhabitat of the parasite could lead to erroneous classification.
